INTERPRETATION Most preoperative scores are regained at 6 months after SEMLS. Further improvement is seen until 18 months. Participants with a higher functional level before surgery will temporarily lose more than participants with lower initial functional ability, but they also fast regain their function.
Single-event multilevel surgery (SEMLS) is the standard of care to treat gait problems in children with cerebral palsy (CP). SEMLS is not a uniform procedure but is tailored to the child's needs and includes realigning bony levers, lengthening or transferring muscle-tendon units. 1 It has been demonstrated that SEMLS corrects musculoskeletal pathology and can significantly improve the gait pattern. 2, 3 Most reports have described gait-related outcomes from the body structure and function domain. However, obtaining an improved functionality in daily life is a crucial goal for children and parents. So far, some studies have measured the impact of SEMLS on the functional mobility at activity or participation level using the Functional Mobility Scale (FMS), 3, 4 the Functional Assessment Questionnaire, [5] [6] [7] [8] and the Pediatric Outcomes Data Collection Instrument. [5] [6] [7] Most of these studies had limited measurement points and the measurement instruments lacked detailed information on the mobility limitations in daily life. The Mobility Questionnaire47 (MobQues47) 9, 10 was developed as a more comprehensive measure of mobility limitations in children with CP. However, it has not been used until now in follow-up studies after SEMLS.
Studies reporting effects of SEMLS in the domain of self-care skills are also scarce. Only a few assessed self-care activities after SEMLS with inconsistent results. 6, 11 Clearly, more prospective studies are needed to capture the impact of SEMLS on self-care.
Furthermore, knowledge of the factors influencing this evolution is of particular interest as the heterogeneity of patients who need surgery is broad. Therefore factors such as age, sex, extent of the surgery, initial functional capabilities, or environmental support may have an impact on the evolution after SEMLS. So far, only age has been reported as a significant factor influencing the long-term result of SEMLS. 12, 13 The aims of this study were therefore to investigate the evolution in self-care and functional mobility over the first 2 years after SEMLS and to assess whether determinants that have an influence on these time trends could be identified.
METHOD
This prospective cohort study reports the outcomes of the Pediatric Evaluation of Disability Inventory (PEDI), MobQues47, and FMS at baseline, 2 months, 6 months, 1 year, 18 months, and 24 months after SEMLS.
Participants
All children and adolescents with spastic diplegic CP who underwent multilevel surgery in the University Hospital of Leuven were screened for entry into the study between December 2012 and August 2014. SEMLS was defined as orthopaedic surgery (bony or soft-tissue surgical procedures, combined or not combined with intramuscular botulinum neurotoxin injection) at two or more anatomical levels during one operative procedure, requiring only one hospital admission and one rehabilitation period. Inclusion criteria were (1) diagnosis of diplegic CP, (2) Gross Motor Function Classification System (GMFCS) levels I, II, and III, (3) aged between 6 years and 25 years, and (4) bilateral surgery. Participants were excluded if they had a diagnosis other than CP or if they had severe intellectual disability (IQ<50). Written informed consent was obtained from the parents or participants older than 18 years. The study was approved by the Ethical Committee of the University Hospitals Leuven.
Procedure
All participants were followed by the CP reference centre of the University Hospital Leuven. The surgical recommendation was based on the participants' needs and determined by a comprehensive evaluation, including a standardized physical examination, radiographic evaluation, and instrumental three-dimensional gait analysis.
All children and adolescents were hospitalized for 1 week after surgery in the University Hospital of Leuven. One week after surgery they were discharged wearing plaster casts below the knee and removable knee braces. Participants received physiotherapy at home (five times a week), which consisted of passive joint mobilization and proprioceptive training. Four weeks after surgery, participants were readmitted for rehabilitation. Rehabilitation comprised intensive individualized physiotherapy including an exercise programme of 2 hours per day consisting of strength training and gait re-education and 2 hours positioning (standing table and specific stretch positions in prone and supine). Additionally, occupational therapy was provided if necessary (three times a week, 30-45min) and focused on training upper limb function, transfers, and activities of daily living (eating, washing, grooming). Children and adolescents were discharged from the rehabilitation unit when independent walking with a Kaye walker was possible. Rehabilitation was continued by the physiotherapist (home/school) at a frequency of five times a week up to 6 months after surgery. At 6 months the frequency was individually adopted according to the individual's needs.
Assessments
Self-care was evaluated by the Dutch version of the Pediatric Evaluation of Disability Inventory (PEDI-NL).
14 Both functional skills (PEDI-FSS) and caregiver assistance of self-care (PEDI-CAS) were assessed by interview of the parent. Ordinal data were converted to a ratio scale . Several studies have shown good reliability and excellent discriminative validity for the population of CP with the PEDI-NL.
For functional mobility, the FMS 15 and the MobQues47 (Van Ravesteyn et al.) 10 were administered. The FMS rates the mobility of children with CP on a 6-point ordinal scale based on the need for assistive devices at three specific distances: 5m, 50m, and 500m. The scale is reliable and valid and has been able to detect changes after SEMLS. 15 The Dutch edition of the MobQues47 (MobiliteitsVragenlijst) 10 was used to obtain information on the difficulties in mobility children experienced in their own home environment. The questionnaire consists of 47 items judged on a 5-point ordinal scale and was completed by the parents. Scores were transformed to scale scores (1-100). The MobQues47 was specifically developed for children with CP and has good reliability and validity. 9, 10 To study the factors that might influence the evolution in self-care and functional mobility, descriptive characteristics such as age, sex, education, and GMFCS level were collected before surgery. Also, muscle strength was assessed with manual muscle testing according to the Medical Research Council (0-5). 16 Muscle strength was measured in eight muscle groups: hip flexors, extensors, abductors and adductors, knee flexors and extensors, ankle dorsal and plantar flexors. A total score for muscle strength of the eight muscle groups in both limbs was calculated (0-80).
Statistical analysis
Linear mixed models were used to study the time effects after SEMLS for the PEDI-FSS, for the PEDI-CAS, and for the MobQues47. Such models allow variation in the number of observations per person, which allows inclusion of participants with missing data. Significant time trend parameters were further investigated with pairwise post hoc tests to compare individual time points. Bonferroni correction for multiple comparisons was used. The FMS was analysed using non-parametric statistics with the Friedman test. This analysis was restricted to the complete What this paper adds
• Self-care and functional mobility decrease significantly in the first months after single-event multilevel surgery (SEMLS).
• Six months after SEMLS most preoperative scores are regained.
• Impact of SEMLS is more pronounced for functional mobility than for selfcare.
• Muscle strength and functionality at baseline are important influencing factors on the evolution after SEMLS.
cases: participants for whom data were available at each time point (n=25). Wilcoxon signed-rank tests were applied for post hoc comparison. Also, frequency data on the change in FMS scores were reported on a 3-point ordinal scale (worse, same, or better score).
To identify the influence of age, sex, GMFCS, education, surgical procedures, initial muscle strength, and initial score on the evolution in time, interaction terms with time were entered in the linear mixed models for the different outcome measures. To analyse these interactions, all the above-mentioned factors were transformed to dichotomous variables. The median score was chosen as the cut-off. Results based on other cut-off points are included in the sensitivity analysis (Appendix S1, online supporting information).
As the cut-off score, the level of significance was set at p<0.05 unless otherwise indicated. All p-values are two-tailed.
All statistical analyses were performed using SPSS 24.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Thirty-four participants (22 males, 12 females) fulfilled all criteria and were included in the study. Mean age was 12 years 4 months (5y 10mo-23y 5mo; SD 4y 5mo) at the time of surgery. Three participants were classified in GMFCS level I, 19 in level II, and 12 in level III. According to the medical reports, 6 out of 28 participants had a mild intellectual disability (IQ<70). Nineteen children attended regular schools and 15 attended special education schools. The mean number of surgical procedures was 5.3. Most of the participants had simultaneous botulinum neurotoxin injections. Figure 1 displays a flow chart with the number of participants and missing data at the different measurement points. Two years after SEMLS, six patients had a recurrent surgery: selective dorsal rhizotomy (2), baclofen pump (1), scoliosis spinal fusion (1), orthopaedic surgery (2). One orthopaedic revision was after severe epileptic insult with failure of bony fixation (Appendix S2, online supporting information).
Evolution over 2 years
Linear mixed models showed a significant time evolution for all outcome parameters (p<0.001 for MobQues47 and PEDI-FSS, and p=0.001 for PEDI-CAS). Table I summarizes the results of the pairwise post hoc tests.
Self-care
For the PEDI-FSS, post hoc tests revealed a significant decrease between baseline and 2 months (9%). A significant improvement (8%) occurred between 2 months and 6 months, followed by further significant improvements between 6 months and 1 year, and between 1 year and 18 months. No significant difference was found between 18 months and 2 years. Six months after surgery, participants regained their preoperative values. At 18 months and 2 years, significant differences with baseline scores were revealed with improvements of 5% and 6% respectively. For PEDI-CAS, post hoc tests showed a significant decrease (8%) between baseline and 2 months, followed by a significant increase (5%) at 6 months. No significant differences were revealed between 6 months and 1 year, 1 year and 18 months, and 18 months and 2 years. The PEDI-CAS preoperative values were regained at 6 months.
Functional mobility
For the MobQues47, post hoc tests showed a large significant deterioration (38.62%) between baseline and 2 months followed by a large significant increase (30.19%) between 2 months and 6 months and between 6 months and 1 year (12%). No significant differences were found between subsequent test moments. Although significant improvement was seen up to 1 year, no significant difference was found between baseline and 6 months and 1 year (Appendix S3, online supporting information).
Also for the FMS, a significant time evolution was found with the Friedman test (FMS 5m, 50m, and 500m, p<0.001). Post hoc tests revealed a significant deterioration at all distances between baseline and 2 months, followed by a significant increase for the distance of 5m and 50m between 2 months and 6 months, without regaining baseline level. Between 6 months and 1 year there was a significant increase in the FMS at all distances. For all distances, the participants regained their preoperative scores at 1 year after SEMLS. At 2 years, three, six, and seven participants had better scores than baseline on the FMS 5m, 50m, and 500m respectively (Fig. 2) .
Prognostic factors
The initial score on the tests showed a significant interaction with all outcome measures (Table II, Appendices S4 and S5, online supporting information). The group with higher initial values had a strong decline in functionality after SEMLS, followed by an important increase between 2 months and 6 months. The initial muscle strength and GMFCS level also had a significant interaction with the MobQues47 but not with the PEDI-FSS and PEDI-CAS. Participants in GMFCS levels I and II presented a stronger decrease between baseline and 2 months after SEMLS followed by a higher gain in scores between 2 months and 6 months. From 6 months until 2 years after the operation, all participants showed an equal improvement.
Age had a significant interaction with PEDI-FSS only. Adolescents (≥12y) had a larger decrease than children (<12y) at 2 months but again a larger improvement at 6 months. The younger age group further improved up to 2 years while the adolescents remained stable. The number of surgical procedures (with and without botulinum neurotoxin) showed a significant interaction with PEDI-FSS, with a similar pattern of stronger decrease in the first 2 months and improvement for the group with more surgical procedures. Education was only a significantly interacting variable with PEDI-CAS. Sex showed no significant interaction.
DISCUSSION
This study reports the evolution of functionality in daily life after SEMLS up to 2 years after surgery and the factors influencing these time trends.
For self-care, the baseline level was regained at 6 months and further improved significantly until 18 months, reaching scores higher than those at baseline.
The study by Buckon et al., with only seven participants having orthopaedic surgery, showed earlier improvement on self-care at 1 year. 11 However, this might be explained by the young age in this study (mean age 6y 6mo), which was much younger than our study (mean age 11y 7mo). The development of self-care skills in children with CP increase strongly between the age of 5 years and 7 years. 17 Still, our study suggests positive effects on self-care up to 2 years after SEMLS, in contrast to the study by Gorton et al. 6 The therapy programme, including occupational therapy after surgery, may also contribute to these findings.
For functional mobility, the MobQues47 showed an important significant decrease between baseline and 2 months after surgery, which was larger than for the domain of self-care. However, this decline in functional mobility was followed by a large significant recovery between 2 months and 6 months. At 6 months, participants experienced no more difficulties on mobility activities than preoperatively. The intensive therapy with 2 hours' physiotherapy including strength training and gait re- education may have facilitated this progress. Further improvement was shown up to 1 year. The results for the FMS confirmed the findings of the MobQues47, showing a deterioration for each distance between baseline and 2 months after surgery and an improvement between 2 months and 6 months, and 6 months and 1 year. So far, no other studies have assessed functional mobility after SEMLS using the MobQues47. The results of the MobQues47 are in accordance with some other studies using the Functional Assessment Questionnaire and the Pediatric Outcomes Data Collection Instrument (subdomain transfers and sports), with regaining baseline scores 1 year after SEMLS. 6, 8 On the other hand, the studies by Cuomo et al. 5 and Lee et al. 7 using the Functional Assessment Questionnaire and the Pediatric Outcomes Data Collection Instrument (transfers and mobility) reported an improvement in functional mobility at 15 months and 2 years after surgery respectively. Comparison with these studies is difficult because of the different outcome measures and the heterogeneous populations in these studies with unilateral and bilateral surgery.
The results for the FMS are in agreement with previous studies also using this scale. 15, 18 These studies confirm the trend of large deterioration in functional mobility at 2 months after SEMLS followed by improvement slowly back to baseline over the course of 12 months. Although no significant improvement is presented between 1 year and 2 years, many patients had a better score at 2 years follow-up for the FMS (Fig. 2) . We might have expected larger improvements on functionality after SEMLS. A more optimized physiotherapeutic programme to individual functional goals during follow-up could be suggested to enhance the effects of SEMLS. However, changes in the FMS must also be interpreted with caution. The score of the FMS reflects the daily performance of the participant and not their capacity to walk. Moreover, maintaining the baseline level of mobility at 2 years could also be considered a good outcome after SEMLS, taking into account the natural history of deterioration of mobility in children with CP with ageing. 19, 20 The second aim of our study was to investigate which factors influence the evolution of self-care and mobility. The initial score on the outcome measure had an important impact on the time evolution of both self-care and functional mobility. Participants with a high functionality at baseline lost more functional skills after SEMLS but they also regained their initial capabilities at 6 months. The initial level of muscle strength and the GMFCS level had an important impact on the evolution of functional mobility. In addition, for self-care, participants with more surgical interventions had a similar pattern of decrease and increase. Finally, the older children showed an important decline in their function after surgery but regained their functional self-care skills at 6 months. However, they also had a very high initial level on self-care at baseline. These are unique findings up to now. No other studies have investigated the role of these factors on outcome after SEMLS. However, we must be careful when interpreting these interactions because of the known low statistical power and multiple testing of these tests.
These significant interactions may also suggest the importance of further optimizing both the strength training and functional training programme as well as the occupational therapy to the initial level of the children and adolescents.
This study was a prospective longitudinal study of a relatively large and homogeneous cohort of children and adolescents with spastic diplegic CP using comprehensive assessment of muscle strength, self-care, and functional mobility over 2 years after SEMLS. We have provided detailed information on the recovery after SEMLS on daily functioning and identified novel findings on the children and adolescents at risk of losing more functionality. Still, a few limitations should be considered. Owing to practical considerations and ethical objections, there was no comparison group for the time trend of evolution of self-care and functional mobility. For the PEDI-FSS, several participants had the maximum score at baseline and therefore there might have been a ceiling effect in measuring the mid-and long-term effects for self-care. Further, a few participants were lost because of additional surgery. Linear mixed models were applied to handle these missing values.
CONCLUSION
Both self-care and functional mobility decreased significantly in the first months after SEMLS, followed by a significant increase at 6 months which continued up to 1 year for functional mobility and 18 months for selfcare. The impact of SEMLS was most pronounced for functional mobility. Participants with a high initial strength and functional level, more surgical interventions, and older children lost more in the short-term on functional mobility and/or self-care; however, they regained their baseline scores at 6 months both on self-care and on functional mobility. The results of this study provide a better understanding of the outcome after SEMLS and help the clinician to better inform the patients of the expected evolution. In particular, children and adolescents with a high functionality at baseline and their parents must be informed about the short-term decline in function and the long-term opportunities to regain and maintain it. The insights into the evolution of these outcomes also offer a framework to further optimize therapy programmes during the rehabilitation stay as well as during the follow-up period after this intervention.
